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Abstract
This paper outlines the potential gains for 
Constructionist research and praxis in modelling 
that might be obtained by recognising the power of 
the Patch— a humble computational being in the 
NetLogo modelling environment that has been over-
shadowed by its more popular fellow agent, the 
Turtle. To contextualise this opportunity, I describe 
how Constructionist modelling has thrived by promot-
ing forms of learning that rely on learners’ identify-
ing with agents. I argue that patches are a neglected 
agent type in this multi- agent modelling tradition, and 
that the possibilities for learners to adopt the patch 
perspective in support of exploratory forms of mod-
elling and aesthetic expression have been under- 
researched. Nevertheless, I show there are a variety 
of powerful ways for learners— both individually and 
in groups— to identify with patches. I describe on-
going research showing how taking an aesthetic 
approach to patches has the potential to support indi-
viduals and groups in powerful forms of learning with 
and about multi- agent modelling.
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INTRODUCTION

The Logo Turtle and its descendants have been a vital force in articulating distinctively 
Constructionist approaches to learning by programming and modelling. Across many set-
tings, designers have leveraged what Papert (1980) called ‘syntonic learning’ (eg, Brady, 

Practitioner notes

What is already known about this topic
• Turtles (movable agents in Logo and Constructionist environments descended 

from Logo) can be ‘transitional objects’ that provide learners a way to make pow-
erful ideas their own.

• These agents can be powerful ‘objects- to- think- with’ in large part because they 
encourage learners to identify with them in a form of learning known as ‘syntonic 
learning’.

• Expressive activities that draw on learners’ aesthetic interests can support their 
learning with and about computational representations.

• Multi- agent modelling is a powerful extension of Logo- based learning environ-
ments that provides access to powerful ideas about complex systems and their 
emergent properties.

• In the multi- agent setting, individual learners and/or groups of learners can identify 
syntonically with agents to provide entry points for reasoning about complexity.

What this paper adds
• Patches (non- movable agents in the NetLogo modelling environment) are under- 

represented in the research on multi- agent modelling, and the potential for learn-
ers to adopt the patches’ perspective has been neglected.

• An aesthetically driven approach to patches can ground students’ understanding 
of their expressive value.

• Participatory activities in which learners play the role of patches (called ‘Stadium 
Card’ activities) can ground the patch perspective, so that learners can achieve 
a form of syntonicity and/or collectively adopt the perspective of patches in the 
aggregate.

• Participatory activities that blend intrinsic and extrinsic perspectives on the patch 
grid can further enhance learners’ facility with programming for patches and their 
understanding of patches’ collective expressive power.

Implications for practice and/or policy
• Balancing the focus between turtles and patches can enrich the modelling toolbox 

of learners new to agent- based modelling.
• Patches do capture important aspects of individual and collective experience, and 

so can be good objects- to- think- with, especially when conceptualising phenom-
ena at a larger scale.

• The expressive potential of the patch grid is an important topic for computer sci-
ence as well (eg, through 2D cellular automata). This is a rich context for learning 
in itself, which can be made accessible to groups of learners through physical or 
virtual participatory role- play.

• Moreover, physical or virtual grids of people- patches may exhibit novel aggregate 
computational properties that could in turn become interesting areas for research 
in computer science.
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Orton, et al., 2016; Wilensky & Reisman, 2006; Wilensky & Stroup, 1999a), creating environ-
ments in which learners assimilate and appropriate powerful ideas by identifying with the per-
spectives of agents. However, within the NetLogo environment (Wilensky, 1999), the Turtle is 
only one of two1 primary types of agent that learners can interact with. In contrast with turtles, 
who can move about and adopt different shapes, patches are immobile agents that form a 
grid in the background of all NetLogo models. Have we missed important opportunities for 
learning that could come from identifying with this second kind of computational being?

In this paper, I propose that it is both feasible and powerful for learners to adopt the per-
spective of patches within multi- agent modelling environments. I recognise that arguing for 
patches to play a central role in agent- based learning is to buck a trend in Constructionism. 
A substantial segment of the Constructionist design tradition can be interpreted as under-
valuing patches: neither Logo, nor Scratch, nor Snap, nor StarLogo Nova have patches; 
and Papert himself requested a setting to allow NetLogo to run without patches (Wilensky, 
personal communication). Nevertheless, I show how taking a patch perspective can enable 
learners to view these computational beings as partners in creating aesthetically satisfying 
effects and performances. Moreover, considering patches in relation to turtles, I argue that 
patches can offer a complementary entry point to agent- based thinking and a powerful ad-
dition to learners’ conceptual toolkits.

To contextualise these propositions, I situate aesthetically driven exploratory work in com-
putational modelling as integral to the Constructionist tradition and as connected to its foun-
dational premises. I begin by distinguishing two interwoven themes within Constructionism 
(programming and modelling). Next, within modelling, I note two stances that can be taken 
(descriptive and exploratory stances). Focusing specifically on exploratory modelling in multi- 
agent contexts, I then describe activity designs that encourage groups of learners to identify 
with agents. Finally, I propose that in this exploratory setting, such agent- identification is 
particularly powerful: it supports intrinsic exploration of the expressive and aesthetic effects 
that a representational infrastructure can produce, which in turn is tightly connected with 
exploratory inquiry. This discussion frames the study's central research question:

How can we support learners— individually and as groups— to make the patches 
of the NetLogo multi- agent modelling environment an aesthetically expressive 
medium?

Within the CAMPS project (NSF #1742257) this has been a pivotal question, which we have 
investigated using design- based research, or DBR (Cobb et al., 2003). Our ‘Code Your Art’ 
camps have aimed to support and study students’ ways of thinking computationally and mathe-
matically as they created original visual effects and performances with patches. It was thus vital 
for learners to see patches as an expressive representational infrastructure with capabilities 
that fuelled their aesthetic imaginations. I describe the activity structures arising from our DBR 
that have fostered different ways of identifying with patches and reasoning about the effects 
they can produce. Finally, I close with reflections on the contributions that expressive uses of 
patches might make to the broader agent- based modelling of complexity.

THEORETICAL FRAMEWORK

The vision Seymour Papert articulated in Mindstorms has significantly shaped our field. I 
trace the roots of two Constructionist themes, programming and modelling, from that text. 
Papert introduces the Logo Turtle as ‘being good to program and good to think with’. (p. 11) 
The two components of this phrase— good to programme; good to think with— provide the 
seeds for each of the two themes.



    | 1027PATCHES AS AN EXPRESSIVE MEDIUM

Programming in Mindstorms

The programming theme explores how ‘ideas from computer science’ can be ‘might alter, 
and possibly improve, the way people learn and think’ (pp. 208– 209). The design of pro-
gramming languages has consequences because ‘a programming language is like a natu-
ral, human language in that it favours certain metaphors, images, and ways of thinking’ (p. 
34). Papert saw Logo as fostering ‘mathetics’— the art of learning. The figure of the ‘child as 
epistemologist’ (p. 19) thus emerges from this theme: Constructionist programming can give 
learners opportunities to ‘think like a computer’ and to recognise the existence and value of 
different ‘styles of thinking’ more generally. This awareness allows them to ‘choose a cogni-
tive style that suits’ a given problem (p. 27).

Modelling in Mindstorms

A second theme, modelling, arises more specifically around the Logo Turtle as an agent 
that mediates between the child and systems of powerful ideas. Papert says the Turtle is an 
instance of a hypothesised ‘category of objects yet to be invented’— ‘objects- to- think- with’, 
which offer ‘an intersection of cultural presence, embedded knowledge, and the possibility for 
personal identification’ (p. 11). He also introduces a multi- dimensional concept connected with 
these agents— syntonic learning— that appears to be adapted from sources in psychology 
(Erikson, 1963; Freud, 2005) and developmental psychology (Winnicott, 1953). Syntonic learn-
ing evokes ideas of alignment, connection and flow. In particular, the Turtle invites personal 
identification, promoting ego- syntonic learning (p. 63). Its particular form of being (situated, like 
a Euclidean point, but endowed with a heading and mobility) enables body- syntonicity (p. 63) 
making it both easy and powerful for learners to ‘play Turtle’ (pp. 28, 58). And its connection 
to culturally important situations (including navigation and orienteering as well as Geometry), 
enables cultural syntonicity (p. 68). The Turtle is thus a ‘transitional object … that can exist in 
the child's environment and also mak[e] contact with’ powerful disciplinary ideas (p. 161).

Next, a Turtle's properties imply particular surroundings that will exercise those proper-
ties. Papert writes that ‘the Turtle defines a self- contained world in which certain questions 
are relevant and others are not’ (p. 117). These ‘microworlds’ foster particular kinds of learn-
ing (eg, learning without prerequisites (p. 122), and learning as ‘getting to know’ (p. 136)). 
They are ‘incubators’ for ‘specific species of powerful ideas or intellectual structures’ (p. 125). 
This provides the connection to modelling: a microworld highlights coherent structures (eg, 
Newton's Laws), which can serve as generative models of key aspects of the world. In fact, 
learners’ constructions within microworlds are models of particular ideas and phenomena, 
leveraging the axiomatic and representational infrastructures that define the microworld.

Agent- based modelling and syntonicities

In this paper, I focus on Constructionist research within the modelling theme. Through its 
attention to the embedded and syntonic viewpoint of the Turtle, Logo is an agent- based 
modelling environment. One of the core, generative activities of agent- based modelling, 
articulated in Mindstorms, is to ‘play Turtle’ (p. 58). In playing Turtle, learners leverage synto-
nicity to activate the representational infrastructure of a microworld and engage in modelling.

Just as the Logo Turtle is a good object- to- think- with for Geometry and Newtonian 
Physics, groups of such turtles are a good syntonic basis for modelling complex systems 
(Wilensky, 2001); and the NetLogo language and environment (Wilensky, 1999) was devel-
oped with this purpose. Moreover, when multiple agents are involved in modelling, there are 
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new options for supporting syntonic relations between learners and representations. On 
the one hand, an individual learner can focus on individual Turtles, identifying with them to 
guide intuitions about how they will interact with others as well as with their surroundings. 
Wilensky and Riesman (2006) call this strategy, which builds on Logo's syntonicities, ‘em-
bodied modelling’. And on the other hand, in the context of multi- agent modelling, it is also 
possible for groups of learners to engage syntonically with groups of agents. The broad 
activity structure of participatory simulations or partsims (Brady et al., 2016; Colella, 1998; 
Resnick & Wilensky, 1998; Wilensky & Stroup, 1999a), engages participants in technology- 
supported role- play to make sense of emergent phenomena generated by groups of agents. 
Within NetLogo, participatory simulations are enabled by the HubNet architecture (Wilensky 
& Stroup, 1999b), by the Group- based Cloud Computing system (Brady et al., 2018) and by 
hybrid physical- virtual technologies (Brady, Weintrop, et al., 2016; Brady & Yarnes, 2020).

In some partsims, students focus not only on what they would do individually as agents 
in role- play situations but also on how they would coordinate or organise together. They use 
the dynamics of their own social interactions as another means to understand the agents’ 
interaction dynamics. Brady and colleagues (2016) have described this new possibility as 
social syntonicity. Activities studying eusocial insect behaviours (Wilensky & Guo, 2016; 
Danish, 2014, for bees; Martin et al., 2020, for ants) are particularly propitious for this ap-
proach. But students’ use of and reflections on social dynamics can also be leveraged in 
more indirect ways. For instance, within mathematics, students can experience a geometric 
line as arising from the cooperation between two points (White et al., 2019), or a function 
as a locus of points coordinating to follow a common rule (Brady et al., 2013). For a view of 
participatory activities in which mathematics and the social sphere mutually structure one 
another, see (Stroup et al., 2002).

Descriptive and exploratory stances in modelling, and the uses of 
participatory simulations

The stance of modellers fundamentally affects the nature and outcomes of their work. In 
their introduction to agent- based modelling, Wilensky and Rand (2015) call modelling with 
a descriptive stance (ie, attempting to produce and understand observed phenomena), 
‘phenomena- based’ modelling; and they contrast this with a stance directed to investigate 
what phenomena could be produced, which they call exploratory modelling (p. 159).

Historically, participatory simulations have been developed largely within a descriptive 
stance. That is, learners’ role- play is oriented towards reproducing a particular, recognisable 
phenomenon, and the group uses the perspectival richness of the partsim to understand 
that phenomenon in new and multi- faceted ways. Nevertheless, partsims can also stimulate 
a strong collective interest in how a phenomenon might be changed or in what outcomes 
are possible. In particular, in settings such as epidemiology (Wilensky & Abrahamson, 2006; 
Wilensky & Stroup, 1999a), the Tragedy of the Commons (Hjorth et al., 2018) or wealth in-
equality (Guo & Wilensky, 2018), to understand the phenomenon is to be provoked to ask 
how it might be changed.

Aesthetic and social connections with the exploratory stance

This thread in exploratory partsims signals the potential for connecting exploratory modelling 
more generally with artistic and social motives. On the artistic front, Papert elaborates this 
possibility in his Epilogue to Mindstorms, expressing his concern that when ‘mathematical aes-
thetics’ is typically addressed it is as an ‘epiphenomenon, an icing on the mathematical cake, 



    | 1029PATCHES AS AN EXPRESSIVE MEDIUM

rather than as the driving force which makes mathematical thinking function’ (p. 192). Instead, 
he advocates placing aesthetics at the forefront (pp. 205– 206), suggesting that playful and 
artistic uses of representational infrastructures can make fundamental contributions to learning.

In this vein, environments such as TurtleArt (Bontá et al., 2010; Papert, 1980) have been 
used to explore the forms of artistic expressivity afforded by the Turtle. Invitations to create 
personally meaningful artefacts blending the scientific and aesthetic have in fact driven a vari-
ety of Constructionist work (eg, Eisenberg, 2003; Elumeze & Eisenberg, 2005; Resnick et al., 
2000), including multi- agent modelling with NetLogo (eg, Farris & Sengupta, 2016; Sengupta 
et al., 2012). More recently, the aesthetic dimension in constructionist work has also been linked 
to groups and publics, to performative aspects and to social constructions at larger scales, in 
work by Sengupta and colleagues (Sengupta & Shanahan, 2017), Anton and colleagues (Anton 
& Wilensky, 2019) and Vogelstein and colleagues (Vogelstein et al., 2019). Building upon this 
strand of work, participatory approaches can be used to foster a group's representational imag-
ination (Brady, 2018) about what the agent- based modelling infrastructure can produce. Thus, 
making artistic effects and performances with patches, individually and collectively, is a prom-
ising entry point for exploring how to use patches to their full representational potential.

Many of the aesthetic and performative motifs above also connect learners with oppor-
tunities to build shared will and coherent vision for social change. In this way, exploratory 
and participatory approaches have the potential to connect with other means of using es-
tablished representational genres as tools for collective envisionment. For example, partici-
patory modelling in urban planning can balance communities’ voices with those of technical 
experts (Zellner et al., 2012, 2014). Large- scale prosocial games can enable communities 
to envision and experience possible worlds (McGonigal, 2011). And, Augusto Boal's Theatre 
of the Oppressed techniques (Boal, 1985, 1992) use open and exploratory participatory dra-
matic forms such as Image, Forum and Legislative Theatre (Boal, 1998) to broaden access 
to ‘the means of theatrical production’ (J. Boal, 2009, personal communication), to concep-
tualise and disrupt oppression, and to provide ‘a rehearsal for revolution’. (Boal, 1985).

Thus, agent- based modelling has enormous potential for providing new perspectives on 
a wide range of emergent phenomena and complex systems (Wilensky, 2001; Wilensky & 
Papert, 2010). Exploratory and participatory approaches offer a means for investigating 
the potential behaviour of these systems, stimulating representational imagination about 
aesthetic and social possibilities. However, when we recognise that to date, participatory 
simulations and embodied modelling approaches have overwhelmingly focused upon the 
Turtle, we may ask what we are missing by neglecting patches.

The space of the NetLogo world is filled with patches, leading us to speculate about the 
distinctive forms of life, collectivity and coordinated action can we glimpse by adopting a 
patch perspective. In this year when we have mourned the death of John Conway, we may 
remember that Life itself can be captured in a grid of such patches (Conway, 1970). I argue 
that an exploratory approach to complex systems with NetLogo should consider how to inte-
grate ‘patch perspectives’, investigating their role in both artistic expression and modelling.

METHODS

The CAMPS project has employed design- based research, or DBR (Cobb et al., 2003) to 
promote and study learning in ‘Code Your Art’ camps at the intersection of mathematics, 
computational thinking and the arts. This paper describes our ‘Image Camp’, which focused 
on graphic arts. (A second, ‘Action Camp’, focused on choreography and dance.) Our camps 
were 1- week (5 day), free summer camps for 10– 14 year olds in a southeastern US city. To 
establish the curriculum for a camp, we developed a core suite of activities, then convened 
an intensive 1- week professional development and co- design workshop, where we worked 
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with four teachers from the public schools of the district to refine the materials. The teachers 
cycled between engaging with activities as students, suggesting and testing adaptations and 
writing facilitation plans for the activities. During the camp itself, the four teachers worked 
in two pairs, each with their own classroom of students. They ran the activities themselves, 
requesting technical support as needed from the research team. Our sequence of camps 
followed a pattern of iterative refinement common to DBR. Thus, the Year 2 camp curriculum 
was informed by analysis of Year 1 and by design research done with one of our teachers 
in regular ‘Code Fridays’ sessions in her classroom during the intervening academic year. 
For Year 2, all of our teachers returned, but two shifted to work on Action Camp. As a result, 
each Year 2 classroom had one returning teacher and one newcomer.

The summer camps were free, and breakfast, lunch and snacks were provided to pro-
mote broader participation. Participating students were racially and economically diverse. 
In Year 1, Image Camp was hosted in a local middle school, and a large proportion of the 
36 students were drawn from the community served by that school (where 39% of students 
qualify for free or reduced lunch; 38% are African American, 10% Latinx and 3% multira-
cial). Year 2’s Image Camp was held on the campus of the author's university, and its 32 
participants were drawn more widely from the city. In both years, all students were asked to 
participate in the research data collection, and 19 in each year consented.

In camp sessions, multiple forms of data were collected. Consenting students were inter-
viewed at the start and end of the week and completed pre-  and post- questionnaires. During 
activities, consenting students’ work was captured in screen recordings and multiple cam-
eras (fixed cameras and body- mounted GoPros) documented ‘unplugged’ activities in each 
classroom. Finally, students’ projects were saved as digital files and published in classroom- 
specific online ‘galleries’ where students shared their works.

ANALYSIS

In this section, I describe how students reasoned creatively with and about patches to create 
personally meaningful digital visual art. I begin by discussing the NetLogo environment and 
illustrating four themes in the aesthetic works that students produced. I then describe the 
introductory activities that supported students in thinking with and about patches and using 
them artistically to create such agent- based visual effects.

Patches and pixels: Agent- based compositions and performances

NetLogo's principal actors

NetLogo's world contains turtles and patches. Turtles are mobile agents; they have a vari-
ety of built- in properties, including shape, colour, xcor, ycor and heading. Patches, in 
contrast, are immobile. They have fewer built- in properties, related to colour and location: 
pcolor, pxcor and pycor. The NetLogo world can be configured to have different- sized 
patch grids and locate the coordinate system's origin in different places. Once the world is 
configured, patches do not change their coordinates, though they can change their colour.

Patches as building blocks

To connect NetLogo's world to digital graphic art, we encouraged students to think of images 
as built up out of elementary components (patches or pixels). This conception contrasts with 
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the idea of a pre- existing image being rendered upon screens with different pixel resolu-
tions. In both of our camps, students began by constructing images using PerlerTM beads 
(heat- fusable coloured plastic beads), which they could arrange on a grid and then, melt with 
a hot iron to produce a solid, unified object (Figure 1).

In parallel, students worked with a virtual model in NetLogo, with the same grid size 
(29 × 29) as the Perler bead frame (Figure 2). This permitted students to create paired 
constructions whose basic components— beads, patches and pixels— provided distinct but 
analogous conceptual entry points. In this way, students built images up from graphical 
units, each in a particular location and, for a given image, each having a particular colour.

Subsequent activities introduced students to the possibilities of operating computation-
ally with patches, setting and varying their colours algorithmically. NetLogo has several 
colour models; the one used by Image Camp maps the colour space to the numbers 0– 
140 (Figure 3). This enabled students to identify and manipulate colours using arithmetic 
operations.

All NetLogo agents are autonomous computational beings: each has its own state and 
runs commands independently. They can be addressed individually or in flexibly defined 
agentsets. In this sense, NetLogo programmes are distributed, collective performances. 
For learning about agent- based computation, patches provide a simple entry point. 
Nevertheless, creating dynamic visual effects using patches in the aggregate presents rich 
conceptual challenges. Images made from patches exist merely patterns in the state of the 
patch grid— a figure realised by the patches is an attribute of all the patches collectively but 
of none of them individually. To recreate such an image or to transform it (eg, change its 
colour or move it) patches must coordinate as a group. In designing learning activities for 
Image Camp, we aimed to enable students to reason creatively and aesthetically with and 
about patches to realise their expressive potential. Before describing these activities, we 
illustrate four categories of generative thinking about patches as they actually appeared in 
students’ final projects.

Four ways of operating with patches visible in students’ projects

Throughout the camps, students created and modified visual effects— many involving 
patches alone; others coordinating patches and turtles. A first category of effect used logic 
to change patches’ colours based on their current colour, such as:

F I G U R E  1  Perler Beads and the Perler bead grid [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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ask patches [set pcolor pcolor + 10]

or

ask patches with [pcolor = blue] [set pcolor red]

Motivated by the challenges posed by their own images or by desired visual effects, students 
devised their own logic of this type. For instance, they walked through the colour space (eg, set 
pcolor pcolor +2), or added selected patches whose pcolours were in a range (eg, ask 
patches with [pcolor >100 and pcolor <110] [set pcolor pcolor -  90]). Logic 
of this kind allowed students to create dynamic performances with changes in scenery, such as 
the haunted house shown in Figure 4.

F I G U R E 2 Sample student Perler Bead Design constructions from year 1, as posted to the class galleries. 
(Some images repeat due to students’ posting multiple times)  [Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E  3  NetLogo's mapping of numbers to colours [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com


    | 1033PATCHES AS AN EXPRESSIVE MEDIUM

A second category involved changing patches’ colours based on their coordinate loca-
tions. And a third involved introducing patch- owned ‘memory’ variables to store multiple 
colours in each patch, allowing them to participate as pixels in multiple images over time. 
Figure 5 shows stills from a student's patch performance combining these two effects. It in-
volved stop- motion animation and image transformations: at different points in time different 
regions showed corresponding pixels from different images.

Finally, patches did not work alone in all student projects; rather, some students inte-
grated them with turtles to form expressive systems. In Figure 6, below, turtles entered the 
picture as transmitters of colour from one part of the composition to another, enabling new 
dynamic effects and transitions.

The connections students made between Perler beads, patches and pixels endorsed a 
view of the NetLogo environment as a stage on which images could be dynamically assem-
bled and transformed. This framing also provided an important entry point into thinking about 
the colours of patches as significant both individually and in relation to their ‘neighbours’, 
and it foregrounded the possibility of manipulating patch colours algorithmically to achieve 
global visual effects. The samples above from student projects show that these forms of 
reasoning were both accessible and powerful: we now outline the learning activities that pro-
moted these ways of reasoning computationally about effects that patches could generate.

Patches and people: Stretching syntonicity to take the patches’ 
perspective

To support forms of reasoning needed to make patches collectively produce artistic ef-
fects, we designed activities that explored what people, arranged in patch- like grids, could 
produce collectively. Our designs were inspired by participatory simulations (Wilensky & 
Stroup, 1999), but we did not necessarily aim for individuals to project themselves into a 
situation as agents, as in embodied modelling (Wilensky & Riesman, 2006) or syntonicity 
(Papert, 1980). Rather, we wanted learners to understand the constraints of patches as a 
representational infrastructure and explore what they could produce. In this sense, we aimed 
to develop learners’ representational imagination (Brady, 2018) about the patch grid, and we 
thus stretched the notion of syntonicity. We invited students not so much to identify with the 
capabilities of individual patches as to grapple with the goals and challenges of coordina-
tion they would face in operating collectively. Hence, we supported students in ‘taking the 
patches’ perspective’ in a broader sense than syntonically ‘seeing themselves as’ patches. 

F I G U R E  4  Three stills from a final project that began with a drawn image and used a variety of 
transformations to achieve effects such as the change from day to night and from sun to full moon [Colour figure 
can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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Year 1 experiences

The signature activities connecting patches with people were our ‘Stadium Card’ activities. 
Inspired by ‘card stunt’ events performed in large sporting arenas (see Figure 7), we asked 
classroom groups equipped with multiple- coloured cards to populate a patch grid. We used 
stadium card activities on the first 3 days of Image Camp to introduce essential NetLogo 
syntax and concepts of agent- based modelling. For instance, the activity facilitator was posi-
tioned as the NetLogo Observer (who gives commands to the agents). By teaching students 
to participate in stadium card activities we familiarised them with NetLogo's world (eg, its 
coordinate system, its use of numbers for colours and the idea that agents have limited, 
local knowledge); and we used the social space of classroom discussion to identify and work 
through conceptual difficulties in coding with patches.

Despite these common foundations, teachers in our two Year 1 classrooms imple-
mented stadium card activities in different ways (Vogelstein & Brady, 2019). Although both 
approaches were consistent with the goals established in our co- design and professional 
development sessions, each highlighted different features of the ‘patch experience’. Each 
pointed to important aspects of taking on the patch perspective, and each informed our sub-
sequent iterative activity design.

Classroom 1’s approach foregrounded the limitations of patches’ knowledge. Students ar-
ranged themselves inside the grid, holding their colour- cards (Figure 8). From this intrinsic, 

F I G U R E  5  Five stills from a final project. Patches were ‘taught’ to render two ‘shield’ images. Patch 
memory, location- based rules and randomness defined a performance that composed, transformed and 
decomposed the images [Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E  6  Still from a final project using a high- resolution image with turtle and patch effects to 
‘dematerialize’ parts of the image and ‘blow’ colours from patches in the centre to patches towards the right of 
the screen [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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embedded perspective, students could not get a view of the whole, nor could they easily 
discern patterns that emerged at the group level from their coordinated behaviour.

In contrast, Classroom 2 placed students on the ‘sidelines’ of the patch grid, laying their 
colour- cards on the floor. This arrangement made salient the limited agency of the patches, 
since they could only manipulate their colour- cards when asked by the Observer. Moreover, 
the arrangement afforded them a ‘mid- level’ (cf Levy & Wilensky, 2008) view of the patch 
grid (Figure 9).

These two approaches supported different ways of using collective physical enactment 
and shared social experiences to reason about programming patches and groups of patches. 
Classroom 1 made the closest approach to ego syntonicity as exemplified in Playing Turtle 
(Papert, 1980). The result was a greater understanding of the need to give patches explicit in-
structions consistent with their properties, powers and perspective. Accordingly, Classroom 
1 focused on ‘encoding’ challenges, where students nominated goals and the class strug-
gled to encode these in NetLogo syntax patches could comprehend. In contrast, Classroom 
2 fostered thinking that linked an individual patch's behaviour to patterns produced at the 
group level. Accordingly, Classroom 2 focused on ‘decoding’ challenges, where the group 
was presented with correct but unfamiliar NetLogo syntax and aimed to make sense of the 
code, proposing and then, enacting interpretations together to see the effects. While not as 
closely connected to syntonicity, this approach did still build a social perspective for concep-
tualising the patches as a sense- making, expressive group.

Year 2 design experiments

In our school- year work, and then in the Year 2 camp, we aimed on the one hand to address 
difficulties that students had encountered with patches (Brady et al., 2020), and on the other 
hand to extend the promising directions described above.

Inhabiting patch space together

To address mathematical and syntactic challenges students had encountered in coding for 
patches, we designed a collective virtual activity called ‘Coordination’. It enabled the class-
room group of students to ‘inhabit’ the Cartesian patch grid together and connect intrinsic 
(‘being inside’) and extrinsic (‘writing code for’) experiences of that space. Coordination 
was a virtual complement to the stadium card activities and increased students’ comfort 
with writing code to communicate to patches. Each student controlled a ‘pointer’ they could 
use to identify patches, and the facilitator would propose coordinate- based conditions in 

F I G U R E  7  Card stunts, shown at increasing scales [Colour figure can be viewed at wileyonlinelibrary.com]
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the NetLogo idiom. For instance, in Figure 10a, the rule was ‘find an unoccupied patch with 
pxcor equal to −3’. Viewed all together, the students’ pointers indicated the corresponding 
set of patches (in this case, the vertical line shown in Figure 10a).

Patterns appearing in the collection of pointers of the group as a whole then acted as prov-
ocations for each individual student to formulate commands for their own personal patch- 
grid using NetLogo syntax. For example, in Figure 10b the student asked their patches, ‘if 
pxcor < - 3 [set pcolor blue]’. Next, in Figure 10c, they added: ‘if pxcor = - 3  
[set pcolor lime]’. Whenever a student created a patch design that they liked, they 
could share it to the class gallery, where it became visible to all students in real time  
(Figure 11).

Because students could issue sequences of commands for their own patch grids, their 
designs increased in complexity over time. For example, Figure 11 shows two gallery post-
ings from two moments in the activity, before and after teacher asked students to ‘find a 
patch whose x-  and y- coordinates add up to three’. The new pattern of pointers led some 
students to discover code to make a diagonal line of patches (‘if pxcor + pycor =3….’); 
others to colour the region above that line (‘if pxcor + pycor >3….’), etc.

Stadium cards moving forward

Our experience with stadium cards has suggested two directions for further work within this 
activity structure. The first is a guiding principle, to maintain a focus on performativity. We 

F I G U R E  8  Students as patches in a Stadium Card activity. Left: presenting colours. Right: changing 
colours [Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E  9  Stadium Card patch grid executing, ‘ask patches [if pcolor = black [set pcolor 
red]]’ [Colour figure can be viewed at wileyonlinelibrary.com]
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learned this in contrasting Year 2 and Year 1 experiences. In Year 2, our classrooms were 
smaller conference rooms with no space for a designated stadium- card performance area 
with a taped- out grid (Figure 12). Hence, students did stadium cards activities at their tables. 
While they still engaged with fundamental ideas, the activities overall lost some dramatic 
force for both teachers and students. We also conjecture that the visible, permanent ‘stage’ 
of the stadium card space in Year 1 was a conceptual resource for learners.

A second direction for Stadium Cards is to explore the affordances of greater scale. The 
success of the Coordination activity suggested that a larger stadium card grid might provide 
additional value. A manufacturer of card stunt equipment donated blue and white cards, 
and we planned to fill the bleachers in a middle- school gymnasium (with the configuration 
shown in Figure 13). Unfortunately, COVID- 19 restrictions were imposed in the week we had 
planned to run our first trials of these larger- scale activities, but we look forward to the future. 
With such activities we will further explore the potential of ego- syntonicity with patches, as 

F I G U R E  10  The collaborative Coordination activity. In their own personal interface, all students saw 
themselves as white star- shaped icons, and their peers as white circles. They moved with arrow keys and saw 
the coordinates of the patch they currently had selected. On their own private screen, in background of this 
point- based exploration, they could experiment with commands to the patches (the blue and green regions), and 
then publish results they liked [Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E  11  Motifs spread in the gallery: a subset of 15 students’ gallery entries from two moments of the 
Coordination activity. Between these two moments, the class's movable pointers had formed a diagonal line. 
Changes to gallery tiles 2, 5, 8, 9, 11, 13, 14 and 15 showed students beginning to experiment with patch- 
commands related to this idea [Colour figure can be viewed at wileyonlinelibrary.com]
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seen in Year 1, Classroom 1, but augmented with an extrinsic view either in retrospect via 
video recording or in real- time via mirroring the video feed.

We have also developed a collaborative virtual environment for scaled- up stadium card 
activities, which aims to leverage the ‘mid- level’ experience of a patch grid (as in Year 1, 
Classroom 2) to explore larger- scale effects (Figure 14). In this environment, a participant 
can focus on their own patch (highlighted with a ‘halo’ in the figure), while also attending to 
nearby neighbours in peripheral vision and seeing the whole. Comparing large- scale phys-
ical and virtual stadium card activities will give us a sense of the strengths and limitations 
of being phenomenologically ‘inside’ the grid versus gaining a ‘mid- level’ view. Each may 
afford experiences for thinking with patches as partners in modelling complexity.

DISCUSSION AND CONCLUSION

Wilensky and Papert (2010) suggest that agent- based modelling opens the way for radical 
changes in what can be learned, when and by whom. I have argued that exploratory mod-
elling in agent- based environments like Logo and NetLogo has been tightly linked with the 
forms of perspective- taking that they afford between learners and agents. Throughout the 
Constructionist tradition, Turtle- based syntonicities have been cultivated and have yielded 
enormous fruit. This paper has outlined activities that stretch the concept of syntonicity to 
enable individuals and groups to take on the perspective of patches. Though this comple-
mentary line of investigation is new, it has shown promise in inviting learners to engage with 
NetLogo for artistic expression.

In looking to the future, we may ask whether the patch perspective might provide new in-
sights relevant to scientific modelling. For instance, activities like stadium card activities may 
give learners and other groups new conceptual access to computational systems such as   

F I G U R E  12  Year 2 stadium cards. Room space constraints led us to use the seminar tables as the surface 
of our patch grid [Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E  13  The size of our planned gymnasium bleacher stadium card activity. This would have 
involved all 120 students of the seventh grade in enacting a patch grid (5 × 24) [Colour figure can be viewed at 
wileyonlinelibrary.com]
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2D cellular automata (cf, Conway, 1970), which can produce compelling models of the world 
(Wolfram, 2002). Moreover, human realisations of cellular automata (CA) could actually add 
to this field in ways yet to be explored. Canonical ‘cells’ in CA are (a) perfect rule- followers, 
(b) absolutely limited in their knowledge of other agents, (c) punctual in their rule- execution 
(whether synchronised or in random order) and (d) indifferent to the emergent outcome. 
When humans comprise a patch- like grid, they are unable to meet these conditions in any 
strict sense. Nevertheless, human versions of CA setups may tap into humans’ unique ca-
pabilities, making the ‘patch’ grid a medium for a human collective to explore unique designs 
or improvisations. That is, while a group of humans may be bad at fulfilling the CA assump-
tions, humans’ interactions may produce interesting new aggregate behaviours that open 
possibilities for exploratory CA modelling.

To pursue this direction, we will first ask stadium card groups to enact iterated rules that 
we have found in simulations to be sensitive to execution order (eg, ‘copy your neighbour 
to the right’ or ‘make your colour the opposite of the majority of your neighbours’). Here, 
the action of a patch affects the decision- making process of some or all of its neighbours, 
making execution order critical. Both physical and virtual stadium card environments will 
give us insights into humans’ experiences in following such commands. Further afield, a 
human stadium card group may be able to respond collectively to prompts involving aggre-
gate phenomena, even if these prompts are underdetermined or ambiguous (eg, ‘make half 
of the grid blue’ or ‘make the grid just a little bit blue’), highlighting humans’ ability to handle 
ill- formed commands and to identify and stabilise emergent patterns in themselves.

Exploring what human patch grids can do could provoke new research in extended cel-
lular automata: the behaviour of humans might be also placed in conversation with the be-
haviour of automated agents that violate some of the strict CA assumptions. Fuzzy logic 
in CA is already an active area of research (cf, Gerakakis et al., 2019; Ntinas et al., 2017; 
Sisodia et al., 2018). And comparisons of automated versus human grids of patches may 
provide opportunities to enquire into ‘cell’ perception mechanisms or explore the robustness 
of emergent behaviour when CA assumptions are relaxed. If such connections between 

F I G U R E  14  Student interface for a virtual Stadium Card activity, here configured to accommodate 144 
students. The ‘halo’ indicates the student's own patch [Colour figure can be viewed at wileyonlinelibrary.com]
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patches and people yield fruit, stadium card activities could be valuable, not only for learn-
ers to gain a ‘patch perspective’ but also for modellers to think together in new ways about 
collective behaviour and intelligence.

In addition to the Turtle, whose individual agency and movement make it a target for 
identification, we have considered another computational being, the Patch, offering a dis-
tinct but also potentially generative entry point to agent- based modelling. Patches may not 
yield the same forms of syntonicity as turtles, but their form of life and ability to coordinate 
may offer a complementary perspective to that of turtles. When we learn to adopt this patch 
perspective— both individually and in collaborative groups— it can enrich our imaginative 
sense of the potential of computational representations and of the social and natural phe-
nomena we use them to explore. Patches can then enter our agent- based modelling toolkit 
as first- class members, opening up new expressive possibilities for modelling and for art.
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E N D N OT E
 1 Links are a third type of agent, and another area of possible exploration. But they are not ‘primary’ in the sense 

that a link can only exist between two turtles.
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